Muscle transformation in cardiomyoplasty: the effect of conditioning and mobilisation on perfusion, oxygenation and fatigue resistance in the latissimus dorsi muscle.
In the clinical application of transformed skeletal muscle to cardiac assistance there is evidence that the latissimus dorsi muscle (LDM) wrap can undergo atrophy, which would prevent it from providing a sustained functional improvement. Possible causes are ischaemia and degeneration related to the conditioning process. We studied the nutritional and structural changes occurring under different stimulation regimes with the aim of improving the conditioning protocol. Microelectrodes were used to measure regional perfusion and oxygenation in the rabbit LDM during mobilisation and subsequent repeated contraction. Group A muscles (n = 10) were conditioned for 6 weeks at 10 Hz, Group B muscles (n = 10) for 2 weeks at 2.5 Hz. Each muscle was then mobilised and tested in a hydraulic apparatus which recorded the pressure generated in a closed circuit. Muscles of Group A and Group B demonstrated transformation of fibre type, with a predominance of type I (62 +/- 4%) fibres in Group A and type IIa (68 +/- 9%) fibres in Group B. There was no evidence of muscle degeneration. After 10 min of fatigue testing the pressure produced was 53 +/- 5% of initial values in Group A and 51 +/- 8% in Group B, compared to 8 +/- 1% in the control group (P < 0.001). Maximum rate of relaxation was faster in Group B than in Group A (46 +/- 3% vs. 36 +/- 3% of control muscle, P < 0.05). Mobilisation resulted in a decrease in the distal perfusion of the control muscles (P < 0.05) and PO2 decreased by 8.7 +/- 1.7 mmHg during a fatigue test, which resulted in rapid loss of contractile function to 46 +/- 1% of the initial value within 1 min. In both Groups A and B the perfusion of all regions of the muscles both before and after mobilisation was greater than that of controls. During the same fatigue test, the PO2 of the distal regions was maintained and the contractile function fell more slowly to between 70 and 80% of initial values within 1 min. We showed that ischaemia in the distal region of the control LDM could result from mobilisation and repeated contraction. Muscle transformation improved perfusion and prevented a fall in tissue PO2 during a sustained series of contractions. Muscles that were conditioned at 2.5 Hz shared the improved perfusion of the fully transformed muscle, but had faster relaxation characteristics. Short periods of in situ conditioning prior to mobilisation may help to avoid ischaemic changes in distal parts of the LDM while achieving fatigue resistance in the grafted muscle at an earlier postoperative stage.